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The accurate measurement of thymidine absorbance in the presence of sodium bis(2-ethylhexyl)
sulfosuccinate (AOT) in ethanol and water systems at room temperature by UV-vis technique has
been reported. The AOT concentrations varied from 0.0005 to 0.014 [mol/L] in ethanol whereas
from 0.0002 to 0.042 [mol/L] in water. The concentration of thymidine was 0.0073 [mol/L]
during UV-vis spectrum registration. The thymidine spectrum was examined in the presence of
AOT concentration. Using a statistical method of non-linear regression (NLREG), thymidine
binding and thymidine distribution constants were evaluated. A noticeable decrease in thymidine
absorbance in the presence of AOT concentration was shown in the water system; whereas, in the
ethanol system, just the opposite trend has been found. The results are discussed in the context of
binding and distribution constants in the studied systems.
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INTRODUCTION
Thymidine is a very popular pyrimidine nucleoside
constituted of the pyrimidine-base thymine linked to the
sugar deoxyribose. It is found in all living organisms
as well as in DNA viruses. As a component of DNA,
thymidine pairs with adenine in the DNA double helix.
Few are the listed works on some thymidine analogs
(Kim & Kool, 2004; Adams et al., 1997), and there is a
huge work on thymidine kinase (Kit et al., 1974; MunchPetersen et al., 1993), and thymidine phosphorylase
(Stark et al., 2010). Thymine nucleotides are precursors
of DNA, the prefix “deoxy” is usually kicked out. So
deoxythymidine is usually known as thymidine. DFT
calculations and resonance Raman spectroscopy have
been used to study the properties of the aqueous solution
of thymidine (Zhu, et al., 2008). As a chemical compound
thymidine is a white substance, not hygroscopic, not
sensitive to light and oxygen. It is easily soluble in water,
alcohol.
AOT is a highly studied anionic surfactant because of
its solubility in the most of the solvents and is generally
formed the reversed micelles in non-polar solvents
(Pileni, 1989; Luisi et al., 1986; Menger & Soito,
1978; Fendler, 1987; Liu & Guo, 2005; Long et al.,
2004; Kozlov & Andelman, 1996; Wennerström, 1996;
Kotlarchyk et al., 1982; Lee & Wyn, 1993). Hence it is
widely utilized because of its capacity for the formation
of micellization (Bhattarai & Wilczura-Wachnik, 2016;
Bhattarai & Wilczura-Wachnik, 2014). The molecules
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of AOT have an ability of self-aggregation and hence
their nature is amphiphilic. Scientifically, AOT micelles
can solubilize into the inner portion of remarkable
water contents (Pileni, 1989; Maitra, 1984; Bohidar &
Behboudnia, 2001) whereas from a physicochemical
way, AOT micelles is one-phase water in oil
microemulsion. Such an AOT system is transparent,
optically isotropic as well as thermodynamically stable
(Bhattarai & Wilczura-Wachnik, 2015). The capacity of
AOT molecules to produce aggregates that are developed
as inner cores resided by the hydrophilic head-groups
covered by the hydrocarbon tails which are elaborated
into the bulk of non-polar solvent (Bhattarai & WilczuraWachnik, 2013). It is noticed that the typical ability of
AOT micelles for excess water content depends on the
surrounding temperature and solvent (Menger & Soito,
1978).
As far as we know, there are not many researches in the
literature dealing with thymidine with the surfactants
(Bhattarai, et al., 2017). There is no work reported
yet of thymidine with AOT. The main aim is to see
the interaction of thymidine with AOT in ethanol and
water respectively by UV-vis spectrum. The binding
constant is a particular case of the equilibrium constant
and linked with the binding and unbinding phenomena
of the receptor (R) and ligand (L) molecules and also,
the distribution constant is the partition ratio which is
the equilibrium constant for distributing the analyte
in two non-miscible solvents. Hence the binding and
distribution constants of thymidine are to be calculated.
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METHODS

RESULTS AND DISCUSSION

AOT (99%, Sigma Aldrich) was obtained from Germany,
and was dried under vacuum at room temperature.
Thymidine not less than 98% was received from BDH
Chemicals Ltd Poole, England. Ethanol was obtained
from Merck, India (99% purity). Additionally, ethanol
quality was checked by UV-vis methods before using.
Doubled distilled water was used. As much as 0.088 g of
thymidine was added to 50 ml of solvent. The solution
was stirred with the help of a magnetic stirrer for 5 hours.

UV-vis spectrum of thymidine is solvent dependent. It
has been found that the higher the dielectric constant of
the solvent, the higher the absorbance of the thymidine
(Figure 1).

To get the transparent solution of thymidine, MillexLCR 0.5 µ filter was used to filter. AOT (5.2978 g) was
added to a 100 ml solvent. The solution was stirred with
the help of a magnetic stirrer for 5 hours. The solution
became transparent. Thymidine concentration in cuvette
was 0.0073 [mol/L]. AOT concentrations varied from
0.00023 to 0.042 [mol/L].
UV-vis measurements were done by using a single-beam
Microprocessor UV vis Spectrophotometer (LT- 290
Model, India). The same procedure was used for this
system from the earlier literature (Bhattarai & WilczuraWachnik, 2014). In all cases, the experiments were
performed at least in three replicates.

In both the solvents (water and ethanol), two absorption
bands were located at the same lambda: a band I at 298
nm, and band II between 250-300 nm.
The results obtained showed a noticeable increase
in thymidine absorbance in the presence of AOT
concentration in the ethanol system (Table 1 and Figure
2) whereas the decrease in thymidine absorbance in the
presence of AOT concentration in water system (Table 2
and Figure 3) respectively.
Thymidine molecules have been assumed as distribution
between the solvent and micellar phase according to
Nernstian law. To describe quantitatively the partitioning
of solute molecules between AOT micelles and solvent,
the total absorption of solute (A) has been described as
a participation of the fraction of solute solubilized in
micelles (xm) and the solvent (1 – xm) and it follows that:
(1)
A = xm Am + (1 - xm) Ao

Table 1. Data of UV-vis absorbance by thymidine-AOT in the ethanol system
AOT Concentration (M)
0
0.00054803
0.00098504
0.00237009
0.00548035
0.00685044
0.01370090

Reading 1
0.167
0.171
0.178
0.185
0.192
0.195
0.203

Absorbance
Reading 2 Reading 3
0.167
0.167
0.173
0.172
0.179
0.177
0.186
0.184
0.191
0.193
0.196
0.194
0.203
0.203

Average
0.167
0.172
0.178
0.185
0.192
0.195
0.203

Upper line: spectrum thymidine in water
Lower line: spectrum thymidine in Ethanol

Figure 1. UV-vis spectrum of thymidine in water and ethanol
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where Ao and Am are absorption values when a solute is
totally solubilized in the pure solvent and AOT reversed
micelles respectively. Following procedure developed
by Magid (1981) to analyze UV-vis curves, the total
solute absorption as a function of AOT concentration is
given by the equation:
(Am - Ao)
[AOT] 				
A = AO +		
(2)
1+
[AOT]
where

is a binding constant defined as

.

There is the relation of binding constant ( ) and
distribution constant (K) as follows:
= KMAOT where
MAOT is the molecular weight.
In equation (2), binding constant and solute absorption
dissolved in micellar phase Am were the fitting parameters
in NLREG procedure in which experimental UV-vis
solute absorbance data were analyzed as a function of
the AOT concentration. Equations and numerical values
of these parameters are given in Figures 4 and 5 and
compared to experimental data for the suitable solute.

The variation of absorbance with a concentration of
AOT-thymidine in the ethanol system is shown in
Figure 4. Similarly, the variation of absorbance with
concentration of AOT-thymidine in the water system is
shown in Figure 5. The obtained thymidine absorbance
data as AOT concentration were analyzed in the NLREG
procedure with two fitted parameters: binding constant
( ) and absorbance of thymidine associated with the
micellar phase (Am). The parameters are given in Figure
4 and Figure 5.
For system thymidine/ethanol, binding constant ( =278)
and distribution constant (K= 0.625) were given in the
Table 3 and for system thymidine/water, binding constant
( =17.5) and distribution constant (K= 0.039) were also
given in the Table 3. Such low value indicates that there
is a low probability for thymidine molecules transition
from the bulk solvent (water) into AOT micelles.
CONCLUSION
Registered spectra showed two absorption bands with
the maximum at 298 nm (bands I), and 305 nm (bands II)

Table 2. Data of UV-vis absorbance by thymidine-AOT in the water system
AOT Concentration (M)
0
0.00023138
0.00925521
0.01388280
0.02545840
0.03007940
0.03239330

Reading 1
0.290
0.286
0.260
0.249
0.225
0.212
0.207

Absorbance
Reading 2 Reading 3
0.290
0.289
0.285
0.287
0.261
0.259
0.250
0.248
0.224
0.226
0.212
0.211
0.206
0.207

Average
0.290
0.286
0.260
0.249
0.225
0.212
0.207

Figure 2. Thymidine absorbance as a function of AOT concentration in ethanol
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Table 3. The fitting parameters ( Am and ) obtained in the Non-linear regression procedure
of the UV-Vis data and K (distribution constant obtained from the relation: = KMAOT )
Am

Binding Constant (

)

0.211 (Ethanol)

278

0.625

0.0728 (Water)

17.5

0.039

Distribution Constant (K)

Figure 3. Thymidine absorbance as a function of AOT concentration in water
in both solvents. It was found the solvent influences the
thymidine absorption values. The intensity of the band
I in water is higher as compared to ethanol. It indicates
stronger interactions between ethanol and thymidine as
compared to thymidine–water. From the above results
and discussion for the studied systems: thymidine/
ethanol/AOT and thymidine/water/ AOT, it has been
found that: thymidine/ethanol/AOT has the higher value
of binding constant as evidence of stronger interactions
between thymidine molecules and AOT in ethanol
compared to that of thymidine molecules and AOT in
water. The 16 times higher distribution constant value
for thymidine molecules-AOT in ethanol indicates that
they transit more easily from solvent to AOT micellar
phase compared to thymidine molecules-AOT in water.
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